Abstract: Effects of cytokines induced by asbestos on lung fibroblasts in vitro: Li Ren ZHOU, et al. Department of Occupational Health, Suzhou Medical College, Suzhou China-Rabbit's alveolar macrophages (AM) obtained by lavage were cultured with three mineral dusts (quartz, asbestos fibre and uranium dust) in vitro. The activity of tumor necrosis factor (TNF) and lung fibroblast (LF) proliferation were measured by 3 H-thymidine ( 3 H-TdR) incorporation, the collagen synthesis in LF by 14 C-proline ( 14 C-Pro), interleukin-6 (IL-6) activity in the supernatant of AM by 3-(4,5-dimethyiazo-2-yl)-2,5-diphenyltetrazolium bromide; thiazoylblue (MTT) colorimetry, and the total hydroxy-proline (HOP) in LF by the chloromine-T method. The assay of the inhibiting effect of anti-TNF antibody and IFNγ on LF proliferation and collagen synthesis were carried out. The results show that the three mineral dusts can induce AM to release TNF and IL-6. When the three mineral dusts were added at a dose of 200 µg/ml, the levels of TNF were1369 U/ml , 1198 U/ml and 852 U/ml, and the levels of IL-6 were 1336U/ml, 1511U/ml and 1335 U/ml, which were significantly higher than those in the TiO 2 control. The LF proliferation and collagen synthesis can be increased by the supernatant of the AM treated with the three minerl dusts.
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H-TdR) incorporation, the collagen synthesis in LF by 14 C-proline ( 14 C-Pro), interleukin-6 (IL-6) activity in the supernatant of AM by 3-(4,5-dimethyiazo-2-yl)-2,5-diphenyltetrazolium bromide; thiazoylblue (MTT) colorimetry, and the total hydroxy-proline (HOP) in LF by the chloromine-T method. The assay of the inhibiting effect of anti-TNF antibody and IFNγ on LF proliferation and collagen synthesis were carried out. The results show that the three mineral dusts can induce AM to release TNF and IL-6. When the three mineral dusts were added at a dose of 200 µg/ml, the levels of TNF were1369 U/ml , 1198 U/ml and 852 U/ml, and the levels of IL-6 were 1336U/ml, 1511U/ml and 1335 U/ml, which were significantly higher than those in the TiO 2 control. The LF proliferation and collagen synthesis can be increased by the supernatant of the AM treated with the three minerl dusts. 3 H-TdR incorporations were 22320 dpm, 12547 dpm and 15048 dpm (at a 1:2 dilution of AM supernatant), which was significantly higher than in the TiO 2 and Hank's control (P<0.01). 14 C-Pro incorporations were 34001 dpm, 16319 dpm and 22550 dpm (at a dust concentration of 200 µg/ml), which were much higher than in the TiO 2 and Hank's control (P<0.01). Total amounts of HOP in WI-38 cell activated by supernatants of AM induced by the three mineral dusts were 22.41 µg/ml, 24.00 µg/ml and 21.29 µg/ml (at a dust concentration of 200 µg/ml), which were significantly higher than in the TiO 2 and Hank's control (P<0.01). Both anti-tumor necrosis antiboby and interferon-gamma can inhibit the proliferation of the LF and decrease collagen synthesis.
Since Heppleston and Styles 1) developed the silicosis experiment model in vitro , in which the main components were macrophages and fibroblasts, many experiments have demonstrated that the proliferation of lung fibroblasts (LF) and collagen synthesis in lung are regulated by the fibrogenic factor secreted by alveolar macrophages (AM) in the process of lung fibrosis. Chen et al. 2) demonstrated that the gene expression of human embryo lung type I and III collagen genes was enhanced by cytokines according to the genetic engineering method. Recent investigations [3] [4] [5] showed that the platelet-derived growth factor (PDGF) and translate growth factor (TGF) could induce lung fibroblasts to proliferate, and tumor necrosis factor (TNF) has an effect on collagen synthesis. The aims of the present study are to investigate inducing effects of TNF and IL-6 released by mineral dust treated AM on WI-38 cell proliferation and collagen synthesis, and those of cytokines on fibroblast proliferation and collagen synthesis inhibition.
Materials and methods

Suspension of dust
The international standard crysotile (UICC) and the international standard quartz dust (DQ12) were provided by NIOSH, U.S.A.. The standard uranium dust was provided by the China National Nuclear Industory Corporation, in which free SiO 2 is 34% and U 3 O 8 1%. Diameters less than 5 µm are 90%. Titaniumoxide (TiO 2 ) was provided by the Chinese Academy of Medical Science, the purity of which is 99% and the diameter less than 5 µm. The dust suspension at a concentration of 2 mg/ml was prepared from Hank's solution free from Ca 2+ and Mg 2+ . The suspension was sterilized by autoclaving.
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Cell line
The alveolar macrophages were collected by the modified Myrivk method 6) . 
Preparation of the supernatant of AMs induced by the mineral dusts
The AM supernatant was at a density of 1 × 10 6 cells/ ml prepared from RPMI1640 medium. It was put into holes in a culture medium plate (NUNC). The suspensions of asbestos fibre, quarts and uraniun-mineral dust were added to the holes to make final concentrations of 25, 50, 100 and 200 ug/ml, but Hank's solution was not added to the control Lipopolysaccharide (LPS) was used as the positivity control (at a concentration of 300 U/ml). The culture plates were incubated at 37°C in an atmosphere containing 5% CO 2 for 24 h. After centrifugation at 1000 rpm for 10 min the culture medium was filtered with a 0.22 um microprobe filter and the supernatants were kept at 30°C. 7) . The activity of IL-6 was determined by MTT colorimetry 8) . The activity unit was determined by probability unit method 9) The method used for testing lung fibroblast proliferation and collagen synthesis 3 H-TdR or 14 C-Pro incorporation was used to test the effect of AM supernatants on LF proliferation and collagen synthesis. After cells were harvested, cellular 3 H-TdR or 14 C-Pro incorporation was assessed with a BECKMAN-LS6800 Scintillation Counter. The total amount of proline in LF was determined by Chloramine-T assay. 50 µl of anti-TNF antibody at a concentration of 10 4 U/ml; or IFNγ of 400 U/ml was added per hole in order to abserve the effect of anti-TNF antibody and IFNγ on LF.
Determination of cytokine activity T N F a c t i v i t y w a s d e t e r m i n e d b y 3 H -T d R incorporation
Statistics
Results are described as the average ± SEM. For each condition, and the number of subjects studied is signified by N. Statistical significance of difference between groups at the level p<0.05, determined by the analysis of variance or Student t-test and Linear regression analysis. Table 1 shows that after AM were incubated with the three mineral dusts at three kinds of concentration for 24 h, TNF activity in the supernatant was significantly stronger than that in the medium incubated with TiO 2 (P<0.01). The effects of the three kinds of mineral dust were all dose dependent (P<0.05). By comparison, it was found that there was no difference in the activity of TNF releases among the three types of mineral dusts when the dust concentration the less than 100 µg/ml. When the concentration reached 200 µg/ml, the activity of TNF in the DQ12 and UICC groups was higher than that in the three mineral dusts group. IL-6 activity in the supernatant of the culture medium induced by the mineral dust is shown in Table 2 . The IL-6 content released by AM induced by the mineral dust was much higher than that induced by TiO 2 (p<0.01). The IL-6 released by AM induced by the three mineral dusts at various concentrations was dose dependent (p<0.05). There was no difference in the activity of IL-6 released among the three kinds of mineral dusts.
Results
Effect of the mineral dust on activity of TNF and IL-6 released by AM
The effect of the supernatant of AMs induced by the mineral dust on the proliferation of WI-38 cells
The proliferation of WI-38 was measured by the incorporation of 3 H-TdR. The results are shown in Table  3 . The effects of the supernatant of the culture medium of AMs induced by the three mineral dusts on the proliferation of WI-38 cells was obvious, and they were higher than those of the TiO 2 and control (p<0.01) in the incorporation of 3 H-TdR. 
Effect of the supernatant of Ams induced by the mineral dust on the synthesis of collagen in WI-38 cells
The results are shown in Table 4 . The effect of AM supernatants induced by the mineral dust on WI-38 cells synthesis of collagen was more marked than those of the TiO 2 and Hank's control (p<0.01). But such an effect was not dependent on the dose of mineral dust (p<0.05). Total HOP content is shown in Table 5 . The result obtained by the two methods suggest that all three kinds of mineral dusts have the ability to increase collagen synthesis in WI-38 cells. But there was no close corelation between the synthesis content and the dose of the mineral dust (p<0.5). There was a significant difference in total HOP content between the three mineral dusts and the TiO 2 and Hank's control (p<0.01).
The inhibitory effect of anti-TNF antibody and INFr on activition of WI-38 cell proliferation and collagen synthesis
After WI-38 cells were incubated in the supernatants of AM induced by the three mineral dusts with anti-TNF antibody and IFNγ, the inhibitory effect of anti-TNF antibody on the proliferation of WI-38 was more marked than that of IFNγ ( Table 6 ). The inhibitory effect of IFNγ on collagen synthesis was more marked than that of anti-TNF antibody (Table 7) .
Discussion
Both TNF and interleuklins are important cytokines. TNF is a pre-inflammation cytokine, which at a low concentration can be direcrty used to induce the proliferation of fibroblasts by using an animal model of silicosis developed by administration bleomycin. Piquet 10) found that the TNF and mRNA levels in the lungs 24643 ± 2584** 26594 ± 335** 30038 ± 287** 34001 ± 2056** UICC 14201 ± 2466** 19156 ± 2452** 16072 ± 640** 16319 ± 1604** Uranium 20622 ± 1151** 21883 ± 2422** 23215 ± 646** 22550 ± 755** Hank's control: 976 ± 58 **compared with TiO 2 and Hank's control were p<0.01 increased markedly whereas collagen deposition was markedly decreased by anti-TNF antibody so that lung fibrosis was alleviated. Piquet considers that TNF plays an important role in lung fibrosis. Varge 11) found that anti-TNF antibody could greatly inhibit fibrosis caused by allergic pneumonia in rats. Hosaneg 12) reported that TNF may be involved in the process of lung fibrosis. This study demonstrates that TNF contained in the supernatant of mineral dust-treated AMs can induce proliferation of WI-38 cells and enhance the synthesis of collagen. When anti-TNF antibody and IFNγ were added to the activated WI-38 cells, the result show that the inhibitory effect of anti-TNF antibody on the proliferation of WI-38 cells was more significant than that of IFNγ, and the inhibitory effect of IFNγ on the synthesis of collagen was more significant than that of anti-TNF antibody. This suggests that these cytokines may have different mechanisms in inhibition. THe activation mechanism of LF in vivo was regulated by a complex system of cytokines, which has a regulating effect on inflammatory cells through feedback 4, 13) . It has been demonstrated that TNF can induce proliferation of LF in a static condition in a dose dependent way, and proliferation of fast division LF cells, so that anti-TNF antibody can strongly inhibit cells in different phases. INFγ is a kind of peptide with small molecules which can regulate the cell function. In light of the studies of Varga 13, 14) , IFNγ can retard release of cytokines which can cause proliferation of fibroblasts and can downregulate collagen gene expression transcriptional level so that the collagen in fibroblasts can be inhibited. This study has revealed the inhibitory effects of IFN γ on the proliferation of WI-38 cells and collagen synthesis in WI-38 cells.
At present the investigation on cytokines concerning lung fibrosis involves an extensive and complex field. The comparative consistent viewpoint holds that the proliferation of fibroblasts and collagen sybthesis are regulated and controlled by macrophages and macrophages can release not only the factors which can induce proliferation of fibroblasts but also the inhibitory factors. This regulation acts in trro directions. Under normal conditions, the activity of the fibroblasts is dependent on the equilibrium of these cytokines. If the self-stabilization fails, fibrosis will be caused. How the regulation is conducted on the gene engineering level by the cytokines released by the macrophages as an important function regulating cells in the body awaits further investigation.
